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Azimuthal anisotropy

Clear collectivity signatures in many system sizes

ÅNearside ridge present in 2-particle correlation

ÅPrecise measurements of vn 

ÅMulti-particle correlations Ą global correlation 
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arXiv:1305.0609 arXiv:1510.03068

https://arxiv.org/abs/1305.0609
https://arxiv.org/abs/1510.03068


Which small systems do we know flow?
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pp

Collectivity in pp

Å Near-side ridge

Å Multi-particle correlation

Å Initial state geometry?

arXiv:1606.06198

https://arxiv.org/abs/1606.06198


arXiv:1912.07431
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Which small systems do we know flow?
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pp e+p

Cumulants 

say v2< 4%
Near-side ridge No               

near-side ridge

arXiv:1906.00489

ɔ+p

No               

near-side ridge

CMS-PAS-HIN-18-008

https://arxiv.org/abs/1912.07431
https://arxiv.org/abs/1906.00489
http://cds.cern.ch/record/2725477/


arXiv:1912.07431
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Which small systems do we know flow?

ɔ+A
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pp e+p

?
Cumulants 

say v2< 5%

ɔ+p

Near-side ridge No               

near-side ridge

arXiv:1906.00489

No               

near-side ridge

CMS-PAS-HIN-18-008

https://arxiv.org/abs/1912.07431
https://arxiv.org/abs/1906.00489
http://cds.cern.ch/record/2725477/


Photons in heavy ion collisions 
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Lorentz contracted electromagnetic fields of 

moving charges can be treated as a flux of 

photons. 

Equivalent photon approximation (EPA)
Å EM field are a flux of quasi-real photons
Å Developed by Fermi, Weizäcker,  and Williams
Å Implemented in STARLIGHT

Å Differences with QED calculations

Brandenburg, GHP 2021 - good up-to-date review as well: arXiv:2103.16623  

Eɹ proj. frame Eɹ lab frame Wʴb

Eq. 1/(2*1.2 A1/3 fm) /ɹ(1.2 A1/3 fm) ҞόпEɹEN)

LHC 30 MeV 160 GeV 1.7 TeV

RHIC 30 MeV 6 GeV 50 GeV

https://cds.cern.ch/record/550708/files/0205086.pdf
https://link.springer.com/content/pdf/10.1007/BF01333110.pdf
https://journals.aps.org/pr/pdf/10.1103/PhysRev.45.729
https://arxiv.org/abs/2103.16623


Ultra-peripheral collisions at the LHC
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Photo-nucleus interactions

ÅBare photon + vector meson wave function

ÅQCD diffractive vector meson production ɔ+ A Ÿ A* + V

ÅNon-diffractive ɔ+ A  Ÿ X

Pure EM interactions 

ÅFor example, ɔɔĄl+l-

Å Precision tests of EPA and QED 

calculations of photon flux

Å Active area of research  

Å b dependence of photon pT 

Å Photon polarization

Vector meson quantum fluctuation collision time 

arXiv:2011.12211

arXiv:2103.16623  

Steinberg, Initial Stages 2019

https://arxiv.org/abs/2011.12211
https://arxiv.org/abs/2103.16623


Photonuclear interactions 
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Direct ɔA collisions         
Photon couples directly to nuclear parton

Pb

Pb



Photonuclear interactions 
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Photon couples directly to nuclear parton
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Photonuclear interactions 
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Direct ɔA collisions         
Photon couples directly to nuclear parton

Resolved ɔA collisions              
photon virtually resolved into hadronic state

vector meson

Pb

Pb Pb

Pb

0n

Xn



Photonuclear interactions 
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Select events based on primarily 
ÅSingle-sided nuclear breakup ñ0nXnò (zero-degree calorimeter ZDC)
ÅRapidity gaps 

Minimum bias selection includes both but is dominated by resolved events. 

Direct ɔA collisions         
Photon couples directly to nuclear parton

Resolved ɔA collisions              
photon virtually resolved into hadronic state

vector meson

Pb

Pb Pb

Pb

Pb0́

0n

Xn

0n

Xn



ñHighò-multiplicity photonuclear collisions
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ñHighò-multiplicity photonuclear collisions
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Pb

going

direction

photon

going

direction

Pb Rapidity gap 

Sparse particle production
Xn 0n



Photonuclear rapidity gaps Ɇɔȹɖand Nch

11

Sum of rapidity gaps 
between particles 
greater than 0.5

ATLAS-CONF-2019-022



Photonuclear rapidity gaps Ɇɔȹɖand Nch
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Photonuclear events have large rapidity gaps in the photon-going 
direction and a steeply falling multiplicity distribution.  

Pb+Pb

Photonuclear

Sum of rapidity gaps 
between particles 
greater than 0.5

ATLAS-CONF-2019-022



Rapidity gap comparison to MC
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Qualitative agreement with MCs, PYTHIA being the most compatible

Indicates high purityɹ +A sample for ʅɹɲ́ > 2.5
arXiv:2101.10771

ÅDPMJET-III ɔ+A
ÅPhoton flux generated by STARLIGHT
ÅDPMJET simulates ɔA collision

ÅDPMJET-III ɔ+p
ÅUtilizes a Pb+Pb photon flux from 

STARLIGHT
ÅServes as a comparison to 

PYTHIA8

ÅPYTHIA8 ɔ+p
ÅReweighted to STARLIGHT flux

ÅHIJING Pb+Pb background MC 

MC normalized to data in control regions

https://arxiv.org/abs/2101.10771


Rough Nch comparison ɔ+A/p
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ÅFuture minimum-bias 
measurements would add 
fundamental understanding.  

ÅSuch measurements would also 
add to interesting  hadron 
physics in color fluctuations and 
more. 

Number of wounded nucleonsarXiv:2101.10771

Very rough Nch comparison: different 
proton energy, acceptance and selection

arXiv:1605.06606

https://arxiv.org/abs/2101.10771
https://arxiv.org/abs/1605.06606


dNch/dɖin ɔA collisions
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dNch/d �{ of photonuclear events - very similar shape with Nchҗ мл

MC comparison show 200 GeV to 1 TeV CM energy (W Nɹ)

W Nɹ(Nch) trend comports with Nch trend in data dNch/d �{

Pb

ATLAS-CONF-2019-022

arXiv:2101.10771


